INTRODUCTION
============

Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide, and South Korea has one of the highest prevalence rates for this disease.[@B1] Surgical resection is accepted as the most effective intervention to cure such patients. There are several reports on the risk factors for tumor recurrence after liver resection for HCC, mostly based on patient status, pathology results, and biological factors, irrespective of the surgical precision or procedure adopted.[@B2]

When the extent and type of liver resection are considered, anatomic resection (AR) is theoretically superior to non-anatomic resection (NR) for patients with HCC because it can eradicate intrahepatic metastases that might have spread via portal tributaries.[@B3] However, the fear of further reducing the liver size causes surgeons to question the benefits of performing AR in a patient with cirrhosis. Moreover, the superiority of this procedure for oncologic safety remains controversial.[@B4][@B5] Therefore, we retrospectively evaluated patient survival rates and recurrence patterns, and compared the post-hepatectomy liver function with the extent of liver resection in such patients.

MATERIALS AND METHODS
=====================

From March 2009 to February 2012, 184 patients underwent curative surgical resection for HCC at Kyungpook National University Hospital. Among these, 79 who underwent surgical resection as a first-line therapy for a single tumor were enrolled in this study, excluding patients with macroscopic vascular invasion or a ruptured HCC. A curative hepatic resection was defined as macroscopic removal of all tumorous tissue from the liver, and AR was defined as complete resection of the anatomical area that was identified from preceding ischemia. There were 31 cases of AR, of which, 16 involved hemihepatectomy, 4 involved extended hemihepatectomy, and 11 involved sectionectomy. All the other procedures were classified as NR and performed in 48 patients. During the NR procedures, we focused on creating a sufficient resection margin of 1 cm, regardless of the condition of the hepatic pedicle. Early recurrence was defined as a recurrence within 2 years after a curative resection, in accordance with previous studies.[@B6][@B7] A serial follow-up of the patients was provided to monitor for any recurrence. Contrast-enhanced abdominal computed tomography (CT) scans were repeated every 3 months during the first 2 postoperative years and alternating abdominal ultrasound and abdominal CT scans were performed every 3 months thereafter. Serum α-fetoprotein (AFP) levels were measured every 3 months. Recurrence patterns after liver resection were classified according to the location of the recurring tumor and the time to recurrence, and the pattern of intrahepatic recurrence was classified according to Poon et al.[@B8] In addition, post-hepatectomy liver functions including the circulating levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, and prothrombin time were compared with the extent of liver resection during the perioperative period.

Student\'s independent *t* tests were used to compare the differences between continuous variables in patients with and without AR. Categorical variables were subjected to chi-squared analysis if the sample size was adequate or Fisher\'s exact test if the sample number was small. The cumulative overall and disease-free survival rates were calculated using the Kaplan-Meier method, and candidate variables with *p*-values \<0.2 by univariate analysis were further analyzed using the Cox proportional-hazards model. The statistical analyses were performed using IBM SPSS statistics for Windows version 20.0 (IBM Corp., Armonk, NY, USA), and *p*\<0.05 was considered statistically significant. Results were presented as the hazard ratio (HR) and 95% confidence interval (CI).

RESULT
======

Patient characteristics
-----------------------

The clinical features of the 79 patients were listed in [Table 1](#T1){ref-type="table"}. Comparing the AR group (n=31) versus the NR group (n=48), there were no significant differences in gender, age, the incidences of hepatitis B or C, AST or ALT levels, prothrombin time (PT), serum albumin, total bilirubin, AFP levels, indocyanine green dye retention rate at 15 min, or tumor-free resection margin. However, tumors were significantly larger in the AR group, as compared with the NR group (*p*=0.019); in addition, patients in the NR group had a significantly lower platelet count (*p*=0.009) and higher rates of hepatic cirrhosis (*p*=0.009), as compared with those in the AR group. There were no patients with Child-Pugh class B or C tumors in either group.

Recurrence and survival outcomes
--------------------------------

After a median follow-up of 37.0 months (range 3-60) post-resection, the 1- and 3-year overall and disease-free survival rates for all patients were 97% and 86%, and 85% and 64%, respectively ([Fig. 1](#F1){ref-type="fig"}).

Thirty patients (38%) had recurrence and 10 patients died during the follow-up period. In the NR group, 4 patients died of recurrent HCC, 1 died of hepatic failure, 14 patients remain alive with recurrent HCC, and 29 are alive and disease free. Among the patients in the AR group, 5 died of recurrent HCC, 7 remain alive with recurrent HCC, and 19 are alive and disease free.

[Table 2](#T2){ref-type="table"} listed the prognostic factors associated with overall survival of these patients identified from univariate and multivariate analyses. In univariate analysis, the presence of liver cirrhosis, an AFP level \>200 ng/ml, and a tumor size of \>5 cm showed *p*-values of \<0.2 and were further included in multivariate Cox proportional-hazard regression analysis; the presence of liver cirrhosis (HR 6.293; 95% CI 1.414-28.001; *p*=0.016) and tumor size \>5 cm (HR 6.951; 95% CI 1.628-29.684; *p*=0.009) were independent prognostic factors for overall survival. On univariate analysis of the risk factors for tumor recurrence, the presence of liver cirrhosis and tumor size \>5 cm showed *p*-values \<0.2 and the presence of liver cirrhosis (HR 5.465; 95% CI 2.339-12.770; *p*\<0.001) and tumor size \>5 cm (HR 3.646; 95% CI 1.537-8.650; *p*=0.003) were significant independent predictors of tumor recurrence after liver resection ([Table 3](#T3){ref-type="table"}). On the other hand, the extent of liver resection was not a significant risk factor for recurrence with the 1- and 3-year overall survival rates for the AR and NR groups of 97% and 82%, and 96% and 89%, respectively (*p*=0.494), and the 1- and 3-year disease-free survival rates of 84% and 63% in the AR group, and 85% and 65% in the NR group (*p*=0.944; [Fig. 2](#F2){ref-type="fig"}).

Patterns of tumor recurrence
----------------------------

Twenty-two patients (28%) had tumors that recurred within 2 years after liver resection (10 patients after AR and 12 after NR) and the frequency of early recurrences was similar between the 2 groups (*p*=0.419). Regarding the pattern of recurrence, in the NR group, 2 patients had a recurrence at the liver transection margin (1 of these showed a marginal recurrence at 36 months after liver resection), 5 had a recurrence in an adjacent section, 3 in a distal section, 5 had a multi-sectional recurrence, and 3 developed extrahepatic recurrences. In the AR group, a marginal recurrence occurred in 1 patient. The other intrahepatic recurrences consisted of 2 at an adjacent section, 3 at a distal section, and 1 in multiple sections. Five patients had a recurrence at an extrahepatic site. There were no significant differences between the 2 groups with respect to the first site of recurrence or the pattern of intrahepatic recurrence (*p*=0.210 and *p*=0.734, respectively; [Table 4](#T4){ref-type="table"}).

Perioperative liver function
----------------------------

Biochemical liver function parameters were similar between the 2 groups during the preoperative period. However, the serum bilirubin level and PT value of the AR group were worse than those of the NR group during the postoperative period ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

AR is theoretically ideal for a patient with HCC from functional and oncological aspects, because the related portal vein and corresponding hepatic territory are removed. This reduces the ischemic area, minimizes any bile leakage, and lessens the possibility of any local recurrence of the tumor. However, the removal of a larger liver volume in the AR vs. NR procedure raises the possibility that the remaining liver mass might not meet the patient\'s metabolic requirements.[@B9][@B10] Therefore, several studies have aimed to evaluate the effects of the extent of surgery for HCC.[@B4][@B5][@B11][@B12][@B13] In 2014, 3 studies used propensity-matching score analysis with the aim of identifying any benefit in patient survival after AR. However, none of these found conclusive results despite efforts to minimize confounding factors; in fact, they reported three different results. Okamura et al.[@B14] showed that the overall and recurrence-free survival in patients with HCC infected with hepatitis C virus were not superior in AR than NR procedure. In contrast, Cucchetti et al.[@B15] showed a lower early recurrence rate for patients with unfavorable tumor features after AR; while Ishii et al.[@B16] showed a statistically significant difference in overall patient survival, but not in disease-free survival, after AR.

In this study, there were no significant disease-free or overall survival differences between the 2 groups. A tumor \>5 cm and the presence of cirrhosis were statistically significant risk factors for a recurrence, irrespective of the extent of resection. Considering the tumor size, we concur with Eguchi et al.[@B13] who recommended AR for patients with HCCs sized 2-5 cm to improve survival. In general, HCCs sized \<2 cm show a low prevalence of micrometastases and more favorable tumor differentiation. Conversely, tumors \>5 cm have more aggressive biology. Both situations might diminish the oncologic benefits of AR. Unfortunately, we could not stratify our patients according to the size of the HCC because of the small-sized cohort.

Intrahepatic metastases or multicenteric occurrence are 2 common explanations for intrahepatic recurrence of HCC after liver resection. Intrahepatic metastasis can occur in 2 ways involving either locoregional direct spread of tumor cells or systemic intrahepatic metastases by circulating tumor cells.[@B17] When tumors recur in multiple centers or by systemic intrahepatic metastases, they cannot be cured surgically by increasing the extent of liver resection. Accordingly, this should be attempted if locoregional direct dissemination of tumor cells is the cause of intrahepatic recurrence, and if performing AR could prevent it. However, in the present study only 1 patient showed an early marginal recurrence after NR, implying that a locoregional direct spread is not the main route of intrahepatic recurrence in patients with a solitary HCC without macroscopic vascular invasion. Marubashi et al.[@B18] reported very similar results to our study, and further indicated that NR performed with a surgical margin of 5-10 mm leads to negligible recurrence by local dissemination for both AR and NR.

NR has a benefit in managing patients with HCC. First, by preserving the liver parenchyma as much as possible, postoperative liver function is better than AR, as indicated by our results. Second, the chance of performing multimodality treatment is higher on tumor recurrence, and repeat resections can be performed. Third, when salvage liver transplantation is considered, a prior AR might lead to difficulties in dissecting the hilum and severe adhesions, resulting in massive bleeding.[@B19]

The present study had some limitations that must be taken into consideration. The small-scale, retrospective, observational nature of the study might have influenced the results, and some selection bias was inevitable. Another limitation is that we did not analyze the gross classification of the tumors, which is a potential risk factor for recurrence.[@B20] Therefore, a large-scale prospective randomized trial would be ideal for investigating surgical outcomes according to the extent of hepatic resection.

In conclusion, the operative outcomes and the patterns of recurrence were similar between the AR and NR groups for treatment of a solitary HCC without macroscopic vascular invasion. In particular, marginal recurrences were negligible in both groups. Therefore, we suggested that NR could be a good alternative treatment option for patients with a solitary HCC by balancing the need to maintain an adequate hepatic reservoir with oncologic clearance. However, further studies are required to confirm the effects of the extent of hepatic resection in such cases.

![Cumulative survival curves of all 79 patients. The overall survival rates (A) and disease-free survival rates (B) were 97%, 86% at 1 year and 85%, 64% at 3 years, respectively.](kjhbps-20-1-g001){#F1}

![Survival curves showing the overall survival (A) and disease-free survival (B) after curative surgery for HCC in the anatomic resection (AR) group (solid line) and non-anatomic resection (NR) group (dotted line).](kjhbps-20-1-g002){#F2}

![Biochemical liver function parameters of the anatomic resection (AR) group (solid line) and non-anatomic resection (NR) group during the perioperative period. Asterisks indicated *p*-value \<0.05.](kjhbps-20-1-g003){#F3}

###### Clinicopathological features of the anatomic and non-anatomic resection groups
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^\*^Data available for 79 patients. AR, anatomic resection; NR, non-anatomic resection; HBs Ag, hepatitis B surface antigen; anti-HCV Ab, anti-Hepatitis C virus antibody; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, α-fetoprotein; ICG R15, indocyanine green dye retention rate at 15 minutes

###### Univariate and multivariate analysis of variables related to overall survival after hepatic resection for HCC
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^\*^Data available for 79 patients. HR, Hazard ratio; CI, confidence interval; HBs Ag, hepatitis B surface antigen; anti-HCV Ab, anti-Hepatitis C virus antibody; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, α-fetoprotein; ICG R15, indocyanine green dye retention rate at 15 minutes

###### Univariate and multivariate analysis of variables related to disease free-survival after hepatic resection for HCC
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^\*^Data available for 79 patients. HR, Hazard ratio; CI, confidence interval; HBs Ag, hepatitis B surface antigen; anti-HCV Ab, anti-Hepatitis C virus antibody; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, α-fetoprotein; ICG R15, indocyanine green dye retention rate at 15 minutes

###### Patterns of tumor recurrence following hepatic resection for HCC

![](kjhbps-20-1-i004)

AR, anatomic resection; NR, non-anatomic resection
